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Impact of age on effects of ureteral obstruction on renal function.
Chronic partial ureteral obstruction of the urinary tract is a common
congenital abnormality. Yet, its impact on the function of the kidney in
the young has not been examined. To determine the relationship
between age at the time of injury and outcome, partial ureteral
obstruction was produced in guinea pigs during the first, second, third,
fourth, or fifth week of life, and several variables of glomerular,
proximal and distal tubular functions were measured 4 weeks later. The
results were compared with those obtained in the contralateral kidney
and with those observed in age-matched sham-operated animals. There
was a significant impairment in the growth of the obstructed kidney.
The weight of the contralateral kidney in the experimental animals was
significantly greater than that of the obstructed (P < 0.001) or control (P
<0.005) kidney, but compensatory hypertrophy decreased progressive-
ly with age, being 30% of control when the obstruction was produced in
the second week of life and only 2% when the obstruction occurred at 5
weeks of age. Obstruction resulted in a marked reduction in GFR at all
ages, the impairment being inversely proportional with age. Converse-
ly, the increase in GFR on the contralateral side, which was proportion-
al with the increase in renal mass, diminished from 60.1 to 20.5% (r =
0.96, P < 0.001) as a function age. Tubular reabsorption of phosphate
was significantly lower in obstructed kidneys, particularly so in the
animals sustaining obstruction during the first 2 weeks of life. U/P0,,
on the obstructed side was markedly and uniformly reduced being 1.0
0.1 in animals obstructed either at 1 or 5 weeks of age. Thus, the effect
of chronic partial ureteral obstruction on glomerular and proximal
tubular function is more severe in the young than in the old animal,
whereas functions located in distal tubular segments appear to be
affected to a similar extent at all ages. The ability of the contralateral
kidney to adapt is directly and quantitatively related with the capacity
of the organ to undergo compensatory hypertrophy and consequently
decreases with the age of the animal.
Impact de l'âge sur les effets de l'obstruction urétérale sur Ia fonction
rénale. L'obstruction urétérale chronique partielle du tractus urinaire
est une anomalie congenitale commune. Cependant, son impact sur la
fonction du rein chez lejeune n'a pas été examine. Afin de determiner Ia
relation entre l'âge au moment de la lesion et le devenir, une obstruction
urétérale partielle a eté produite chez des cobayes pendant Ia premiere,
Ia seconde, Ia troisième, Ia quatrième, ou La cinquième semaine de vie,
et plusieurs variables des fonctions glomerulaires et tubulaires proxi-
males et distales ont été mesurées 4 semaines plus tard. Les résultats
ont été compares avec ceux obtenus sur le rein controlatéral, et avec
ceux observes chez des animaux du même age, ayant subi un simulacre
d'opCration. II y avait une alteration significative de Ia croissance du
rein obstrué. Le poids du rein controlatéral chez les animaux expéri-
mentaux était significativement plus élevé que celui du rein obstrué (P
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< 0.001) ou contrôle (P < 0.005), mais l'hypertrophie compensatrice
diminuait progressivement avec l'hge, étant de 30% du contrôle lorsque
l'obstruction était produite pendant Ia seconde semaine de vie, et
seulement de 2% lorsque l'obstruction survenait hun age de 5 semaines.
L'obstruction a entraIné une reduction marquee de GFR a tous les ages,
l'altération étant inversement proportionnelle a l'âge. A l'inverse,
l'augmentation de GFR du côté controlatéral, laquelle était proportion-
nelle a l'augmentation de Ia masse rénale, a diminuC de 60,1 a 20,5% (r
= 0,96, P < 0,001) en fonction de l'age. La reabsorption tubulaire de
phosphate était significativement plus faible dans les reins obstrués,
surtout chez les animaux ayant eu une obstruction pendant les 2
premieres semaines de vie. U/Posm du côtC obstrué était réduit de facon
marquee et uniforme, etant 1,0 0,1 chez les animaux mis en
obstruction a un age de 1 ou 5 semaines. Ainsi l'effet de l'obstruction
ureterale partielle chronique sur Ia fonction glomérulaire et tubulaire
proximale est plus sCvère chez l'animal jeune que chez l'animal age,
tandis que les fonctions situdes dans les segments tubulaires distaux
semblent être affectées d'une manière identique a tolls les ages. La
capacité du rein controlatéral de s'adapter est directement et quantati-
vement reliee a Ia capacite de l'organe de subir une hypertrophie
compensatrice, et donc diminué avec l'hge de l'animal.
Urinary tract obstruction, one of the most common abnor-
malities of the excretory system in children, has profound
effects on the structure and function of the kidney. The severity
of the renal impairment is known to be dependent on the
duration of the obstructive lesion as well as the resistance it
imposes on the urinary flow [1—10]. In recent years, it has
become increasingly apparent that the long-term sequelae of
noxious stimuli as well as the degree of recovery are also
influenced by the developmental stage of the organ system at
the time the insult occurs. Critical stages of development have
been described in particular with reference to the central
nervous system [11] but also to the kidney and urinary tract [12,
13]. The studies reported here were designed to assess the
relationship between the age at which obstruction of the urinary
tract occurs, and the changes in the function of the ipsilateral
and contralateral kidney.
Methods
Guinea pigs were chosen as the experimental model because
the development of glomerular and tubular functions has been
chartered in this animal species [14—15] and because, like in the
human, nephrogenesis is completed before birth. The animals
were anesthetized lightly with ether and the left ureter was
identified through a small suprapubic incision. Approximately
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Table 1. Comparison between control (C) and experimentat (E) animals in various age groupsa
Age at
time of
study
weeks
-
Age, days
(at time of surgery)
Body weight, g
(at time of surgery)
——-
Cb E°
Body weight, g
(at time of study)
—-- Resistance of obstructed
ureters, mm Hg/ii/min°Cb E"C Ec
5 3.8 0.8 3.8 0.9 119 9 110 7 334 27 305 14 2.37 0.79
6 10.8 0.5 10.7 0.5 154 13 152 5 377 27 343 I I 2.22 0.60
7 18.3 0.7 18.4 0.9 191 18 200 21 407 31 399 26 2.22 0.58
8 25.4 0.7 25.1 0.9 267 9 272 16 467 24 406 22 2.51 0.80
9 32.0 1.2 32.3 2.1 345 9 343 16 532 21 490 20 2.60 0.54
a Values are mean SEM.
b N = 8 in each age group.
N = 7 in each group.
0.5 cm above the ureterovesical junction, a short PE 60 or PE 90
catheter, which had been cut along its length, was wrapped
around the ureter and held in place with two silk sutures. The
incision was closed, and the animal was allowed to awaken and
return to the sow. Sham-operated littermates, treated in a
similar manner, except for the obstruction of the ureter, were
used as control subjects.
Partial unilateral ureteral obstruction was established during
the first, second, third, fourth, or fifth week of life. Four weeks
after the initial surgery, the animals were again anesthetized
(Nembutal 30 to 40 mgIlOO g of body weight, injected intraperi-
toneally), a tracheostomy was performed, and PE 50 catheters
were inserted into the right carotid artery for sampling of blood
and left jugular vein for infusion. The ureters were identified
through a midline incision. In experimental animals, the left
ureter was cannulated proximal to the obstruction with two
polyethylene tubes. One was used for urine collection and the
other served as a port to inject air into the ureter at the
conclusion of each collection period. In this manner complete
emptying of the distended ureter was assured. After injecting a
bolus of 10% inulin in normal saline (0.1 ml/lOO g of body
weight), a constant infusion of 0.9% saline solution containing
sufficient inulin to maintain the plasma concentration near 50
mg/dl was given at a rate of 0.5 mllhr per 100 g of body weight.
After allowing 60 mm for equilibration, the urine was collected
under mineral oil for three consecutive 30-mm periods. A blood
sample was drawn at the midpoint of each urine collection.
Each animal was then given an infusion of arginine vasopressin,
(1.0 U/l00 g of body weight), and after an additional 20 mm of
equilibration, urine and blood specimens were obtained for
determination of osmolality. The resistance of the obstructed
segment was determined by ligating the ureter proximal to the
catheter, perfusing it at the urine flow rate observed in that
particular kidney and measuring the pressure drop across the
obstruction. At the conclusion of the experiment the kidneys
were removed, divided into two parts, and weighed. One part of
the organ was dessicated at 38°C to constant weight; the other
part was used to determine the number of glomeruli according to
the method of Damadian as modified for the immature kidney [15].
The urine and blood samples were analyzed for inulin by the
fluorometric method [16], for sodium and potassium by flame
photometry, and for phosphate according to the method of
Fiske and Subbarrow [17]. Osmolality was determined with a
Wescor vapor pressure osmometer.
The data were examined for statistical significance by the
three factor analysis of variance. The major categories were: (1)
age at the time of study, (2) control versus experimental, (3)
right intact, versus left sham or obstructed kidney. Differences
between specific groups were tested according to the method of
Sheffe [18] or by t tests for paired samples when the right and
left kidneys of the same animal were being compared. Least
square regression was used to assess the linearity of the
relationship between two variables.
Results
The similarity between experimental and control animals
prior to initial surgery is demonstrated by the negligible and
statistically insignificant differences between groups in regard
to age and body weight (Table I). The degree of obstruction
observed 4 weeks after surgery was also similar; there were no
significant differences in ureteral resistance among the age
groups (P > 0.8) and the ratio of pelvic:renal cross sectional
diameter did not vary with age in the ten obstructed kidneys for
which these measurements were obtained (P > 0.3). The body
weight of experimental animals at the time of study was
significantly less than that of sham-operated control subjects (P
<0.01).
Morphometric studies. The growth of the obstructed kidneys
(Table 2) was impaired; the weight was slightly but significantly
less (P < 0.01) than that of either kidney in the sham-operated
animals. The ratio of dry to wet kidney weight was also less (P
< 0.001) in the obstructed kidney than in either the intact
kidney of the same animal or the kidneys of the sham-operated
control. The weight of the contralateral kidney in the experi-
mental animals was significantly greater than that of the ob-
structed (P <0.001) or control (P < 0.005) kidneys. The degree
of compensatory growth decreased with age, exceeding by 46%
the weight of the control kidney when chronic partial unilateral
ureteral obstruction (CPUUO) was produced during the first
week of life, by 30% during the second week, 18% during the
third week, 17% in the fourth week, and by 2% when the
obstruction was produced in the fifth week of life.
The number of glomeruli (Table 2), counted in the kidneys of
four animals selected at random from each group, did not differ
significantly either among the various age groups or between
control and experimental animals (P > 0.5). However, analysis
of variance demonstrated that the number of glomeruli in the
intact kidney of experimental animals was significantly larger (P
< 0.05) than that observed in either the obstructed or control
kidneys.
Functional studies. Plasma inulin concentration and inulin
clearance (C1) were stable during the study; the mean coeffi-
604 Taki et al
Abbreviations: Li, left, intact kidney; Ri, right, intact kidney; Lo, left, obstructed kidney
N = 8 in each group.
b N = 7 in each group.
cients of variance were 7.62 0.62% and 16.45 1.32%,
respectively. The GFR of the obstructed kidney was reduced
markedly when compared to that of either kidney in control
animals. The degree of impairment decreased as a function of
age (Table 3) since it was significantly larger in guinea pigs
sustaining partial obstruction during the first or second week of
life than in those undergoing a similar operation during the
third, fourth, or fifth week of life (P < 0.05). Similarly, the C1
expressed either per unit of kidney weight (KW) or per unit of
body weight was more severely affected when the obstruction
was produced during the first 2 weeks of extrauterine life (P <
0.05) rather than at an older age.
To determine the effects of age on the compensatory changes
of the unobstructed kidney, the function of the contralateral
kidney in experimental animals was compared to the single
kidney function of the sham-operated guinea pigs. The C1 of
the intact kidney of experimental animals was significantly
higher (P < 0.001) than that of either kidney in the control
animals. The adaptive increase in GFR was correlated inversely
with age being 160.1, 157.8, 137.0, 135.8, and 120.5% of control
in the 5-, 6-, 7-, 8-, and 9-week-old animals, respectively (r =
0.96, P < 0.001). When the C1 was corrected for body weight,
the differences were even larger because the body weights at
the time of the study were lower in experimental than in control
animals. On the other hand, the C1/g KW of the intact kidney
was slightly higher in experimental than in control animals (P <
0.01) and did not vary with age (P > 0.7). Thus, the ability
of the unaffected kidney to undergo functional adaptation
exceeded the degree of compensatory hypertrophy only
slightly; and this was not an age-dependent phenomenon.
Despite the adaptation of the contralateral kidney, the
combined C1 of the two kidneys was significantly less (P <
Table 2. Kidney weight, dry/wet weight ratio, and number of glomeruli in sham-operated (C) and obstructed (E) guinea pigs
Age at Kidney weight, g Dry/wet kidney weight, %
time of ca Eb Ca
study
weeks Li Ri Lo Ri Li Ri
5 1.7 0.2 1.7 0.2 1.6 0.1 2.5 0.3 21.6 0.4 21.6 0.4
6 1.8 0.2 1.8 0.2 1.4 0.2 2.3 0.2 21.8 0.4 22.1 0.4
7 1.9 0.2 1.9 0.2 1.8 0.2 2.2 0.3 22.4 0.5 22.4 0.5
8 2.3 0.2 2.3 0.2 2.1 0.2 2.7 0.2 21.0 0.8 21.2 0.7
9 2.8 0.1 2.8 0.1 2.3 0.2 2.8 0.1 20.5 0.7 20.6 0.5
Abbreviations: Li, left, intact kidney; Ri, right, intact kidney; Lo, left, obstructed kidney.
a N = 8 in each group.
b N = 7 in each group.
N = 4 in each group.
Table 3. Clearance of inulin in sham-operated (C) and obstructed (E) guinea pigs
C1, mi/mm C,/kidney wt, mi/minigAge at
time of Ca Eb Ca
study
weeks Li Ri Lo Ri Li Ri
5 0.91 0.06 0.92 0.06 0.05 0.01 1.47 0.10 0.54 0.02 0.55 0.02
6 0.95 0.07 0.94 0,06 0.05 0.01 1.49 0.10 0.56 0.03 0.56 0.03
7 1.03 0.08 1.03 0.07 0.22 0.08 1.41 0.11 0.55 0.02 0.54 0.01
8 1.21 0.09 1.20 0.08 0.19 0.05 1.63 0.11 0.54 0.02 0.54 0.03
9 1.44 0.06 1.43 0.06 0.23 0.08 1.72 0.07 0.53 0.02 0.52 0.02
Abbreviations: Li, left, intact kidney; Ri, right, intact kidney; Lo, left, obstructed kidney.
a N = 8 in each age group.
b N = 7 in each age group.
Table 4. Urine flow rate, and urine to plasma osmolality ratios (U/Posm) in sham-operated (C) and obstructed (E) guinea pigs
Urine flow rate, pilmin UV/GFR, %
Age at
time of Ca Eb Ca
study
weeks Li Ri Lo Ri Li Ri
5 5.7 0.5 5.6 0.6 9.8 2.1 9.2 0.9 0.64 0.04 0.61 0.03
6 4.7 0.5 4.4 0.4 10.2 1.9 8.3 0.7 0.50 0.03 0.47 0.03
7 5.0 0.6 5.0 0.7 9.0 1.5 6.7 0.5 0.51 0.04 0.51 0.04
8 5.9 0.5 5.7 0.6 9.2 1.3 9.3 1.5 0.52 0.05 0.50 0.04
9 7.3 0.6 7.2 0.8 10.9 1.4 7.4 0.3 0.52 0.05 0.52 0.06
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Table 2. (Continued)
Dry/wet kidney weight, % Number of glomeruli, thousands
Cc
Li RI Lo
EcEb
RiLo Ri
16.8 0.6 20.7 0.6
18.3 0.8 22.7 0.7
17.8 0.7 22.0 0.8
18.0 0.6 21.0 1.2
17.5 0.4 20.4 0.5
82.5 6.5 77.4 7.0 81.8 3.3
77.3 3.2 72.3 0.7 78.1 2.8
73.2 1.5 78.9 1.5 81.9 1.8
76.2 2.1 77.3 2.3 76.2 2.4
77.4 2.3 79.4 4.7 81.3 7.7
85.8 3.7
84.0 1.5
86.8 1.2
78.2 2.6
86.9 6.3
Table 3. (Continued)
C1/kidney wt, ml/min/JOO g C10/body wt, ml/min/JOO g
C EbEb
Lo Ri Li Ri Lo Ri
0.03 0.01 0.63 0.03
0.04 0.01 0.67 0.05
0.12 0.04 0.65 0.02
0.10 0.03 0.62 0.01
0.12 0.03 0.62 0.03
0.27 0.01 0.27 0.01 0.02 0.01
0.26 0.01 0.25 0.01 0.01 0.01
0.24 0.01 0.24 0.01 0.06 0.02
0.25 0.01 0.25 0.01 0.04 0.01
0.27 0.01 0.27 0.01 0.06 0.02
0.50 0.02
0.43 0.02
0.40 0.02
0.40 0.02
0.35 0.01
Table 4. (Continued)
UV/GFR, % Maximal U/Posm
E' C E'
Lo Ri Li Ri Lo Ri
22.41 3.49 0.63 0.08
26.68 3.98 0.60 0.09
10.26 3.74 0.51 0.04
7.82 2.30 0.58 0.09
5.82 1.17 0.43 0.01
4.1 0.2 4.3 0.1 1.0 0.1
4.1 0.3 4.3 0.3 0.9 0.1
4.2 0.2 4.2 0.2 1.1 0.1
4.2 0.2 4.3 0.2 1.1 0.1
4.2 0.2 4.3 0.2 1.0 0.1
4.0 0.3
4.0 0.2
4.1 0.2
4.0 0.2
4.5 0.2
0.001) in experimental than in control animals, and the differ-
ence persisted even when the values were corrected for kidney
or body weight.
The urine flow rates (UV) and the urine concentration
capacity (Usm) observed after the relief of obstruction are
presented on Table 4. The combined UV of both kidneys were
higher in experimental than in control animals (P < 0.001) due
to an increase in flow from each kidney (P < 0.001). When
corrected for variations in GFR the UV of the obstructed
kidneys were markedly higher than either those of the contralat-
era! kidneys of experimental animals (P < 0.0001) or of those of
the sham-operated animals (P < 0.0001). The effect of CPUUO
on UV/GFR was greater in the animals sustaining surgery
during the first week of life than in those undergoing surgery at
an older age (P <0.001), when the left obstructed kidney was
compared to either the right kidney in the same animals or the
left intact kidney of control animals. The Uosm of the obstruct-
ed kidneys were uniformly and markedly reduced in all groups
(P < 0.0001); the mean values for the urine to plasma osmolality
ratios (U/Posm) were close to unity.
Plasma phosphate levels (Table 5) were lower in control than
experimental animals (P < 0.01) and tended to decrease with
age (P 0.07). Phosphate excretion (UV) and tubular reab-
sorption of phosphate (TRP) were also significantly lower in
obstructed kidney than in either the intact kidney of the same
animal or the sham-operated kidneys (P < 0.0001 for each). The
severity of the impairment in fractional reabsorption of phos-
phate by the obstructed kidney was greater in the animals
sustaining obstruction during the first 2 weeks of life than those
undergoing surgery at a later age (P < 0.05). A compensatory
increase in UpV by the right kidney of experimental guinea pigs
was observed at all ages. However, it was statistically signifi-
cant (P < 0.05) only when the obstruction was created during
the first 2 weeks of life.
The differences in fractional excretion of sodium (FeNa)
between the intact kidneys of experimental and those of control
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Table 5. Plasma concentration and renal handling of phosphate in sham-operated (C) and obstructed (E) guinea pigs
Abbreviations: Li, left, intact kidney; Ri, right, intact kidney; Lo, left, obstructed kidney
N = 8 in each group.
b N = 7 in each group.
animals (Fig. 1) were not significant (P > 0.8). In contrast, FeNa
of the obstructed kidney was higher than that of the contralater-
al kidney (P < 0.0001), and that of either kidney of sham-
operated animals (P < 0.0001). The impairment in the fractional
reabsorption of sodium was significantly greater in the obstruct-
ed kidneys of the animals sustaining surgery during the first 2
weeks of life than in those operated on at an older age (P <
0.0001).
The mean values for urinary sodium excretion (UNaY) (Fig.
2) and UV/g KW were uniformly higher in the intact kidneys
of experimental animals than in control kidneys, but the differ-
ences were not statistically significant (P > 0.1). There were
also no statistically significant differences in UNUV between
obstructed and sham-operated kidneys (P> 0.2). The combined
UNaV of both kidneys in the experimental animals obstructed
during the first 2 weeks of life was less than their age-matched
controls. In contrast, experimental animals that were operated
on after 2 weeks of age had a higher sodium excretion than their
controls. However, the differences in sodium excretion be-
tween experimental and control animals did not vary signifi-
cantly as a function of age (P > 0.2). A similar pattern was
observed in regard to urinary potassium excretion (Fig. 3), but
the mean values for UKV were significantly lower in obstructed
than in sham-operated kidneys at all ages (P < 0.02).
Discussion
There is an abundance of information concerning the effect of
ureteral obstruction on renal function [1—10], but most of it was
obtained on adult animals subjected to acute obstruction. Only
one report deals with the functional effects of chronic obstruc-
tion in immature animals and that is based on a very short
period of observation [19]. A recent report describes the renal
morphology of adult rats subjected to partial obstruction during
the neonatal period [20], but most functional studies, including
the one on immature animals, tested the model of complete
obstruction rather than the partial form encountered more
frequently in humans. Consequently, few comparisons can be
made between the results of our experiments and those avail-
able in the literature.
A disturbing and unexpected finding is the poor weight gain
of the animals with CPUUO (Table 1). This phenomenon
cannot be consequent either to surgery, since it was not
observed in the guinea pigs subjected to sham operation, or to
the decrease in renal function, since the overall GFR was not
689
Age at time of study, weeks
Fig. 1. FENO (mean sEM) of the obstructed (open bar) and intact(hatched bar) kidneys in experimental animals. The stippled areas
represent the values observed in the ipsilateral kidneys of sham-
operated animals.
affected severely. It seems plausible to assume that the distur-
bance in concentrating ability may have contributed to the
growth retardation as it does in patients with medullary cystic
disease or nephrogenic diabetes insipidus [21].
The results of our experiments demonstrate that CPUUO
affects the GFR of that kidney to a larger extent when it occurs
during the first 2 weeks rather than the subsequent 3 weeks of
the guinea pig's extrauterine life. The initial period of postnatal
development is characterized in this animal species by the rapid
differentiation of the superficial nephrons in preparation for the
sudden rise in their function which occurs around 3 weeks of
age [14, 15]. It is therefore reasonable to assume that immature
nephrons of the superficial cortex are more sensitive to the
effects of ureteral obstruction than the superficial nephrons of
an older animal. The vulnerability of the developing superficial
nephrons may be sufficiently high to permit a degree of damage
which exceeds that done to the ontogenically older juxtamedul-
lary nephrons in the same animal. This interpretation is concor-
dant with the observation that in young rats subjected to
complete ureteral obstruction of short duration, single nephron
GFR is more depressed in the superficial than in the juxtame-
dullary nephrons [191. Conversely, one can postulate that the
deep nephrons, which are functionally predominant and mar-
phologically more mature during the initial postnatal period, are
more prone to injury than the dormant superficial nephrons.
This hypothesis derives from the observation that in mature
animals chronic partial obstruction affects primarily deep neph-
Age at
time of
study
weeks
Plasma phosphate,
mg/dl
UV, xgImin TRP, %
C' Eb C0 Eb
C' Eb Li Ri La Ri Li Ri La Ri
5 5.6 0.3 6.1 0.2 0.58 0.08 0.56 0.08 0.13 0.03 1.41 0.33 89.2 1.5 89.8 1.2 46.6 6.1 81.5 3.0
6 5.8 0.2 6.1 0.1 0.69 0.11 0.66 0.11 0.14 0.03 1.26 0.17 87.1 2.2 87.9 2.9 47.9 4.9 84.3 2.4
7 5.4 0.3 5.9 0.1 0.77 0.21 0.81 0.38 0.31 0.12 1.35 0.44 85.8 3.1 86.2 3.3 64.4 7.4 84.3 5.4
8 5.5 0.2 5.8 0.1 0.95 0.19 0.94 0.21 0.22 0.04 1.60 0.34 85.8 2.2 85.8 2.2 66.3 6.8 81.6 5.1
9 5.1 0.2 5.5 0.1 0.96 0.17 0.95 0.28 0.30 0.04 1.63 0.34 86.3 2.3 86.6 2.5 68.0 6.3 83.4 2.9
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ron function [22—24]. Although reasonable, this theory fails to
explain the age-related differences in the degree of injury.
While immaturity implies a certain degree of vulnerability to
a noxious agent, it also confers a greater capacity for adjust-
ment to unfavorable conditions [25—28]. That this is indeed the
case is illustrated by the fact that the compensatory hypertro-
phy and the functional adaptation of the intact kidney of
animals with CPUUO were maximal in the younger animals and
decreased progressively as a function of age. Of note is the fact
that the magnitude of the increase in GFR correlates tightly
with the degree of renal hypertrophy indicating that functional
adaptation is related to the intrinsic capacity of the organ to
grow. Moreover, the changes are similar to those encountered
by us [25] and by others [26—28] in animals subjected to
unilateral nephrectomy. In animals subjected to surgery during
or after the third week of life, the GFR of the obstructed
kidneys was reduced to IS to 21% of the values encountered in
the sham-operated guinea pigs. These levels are similar to those
reported previously in adult animals [22, 29—3 Ii.
The hypertrophy of the kidney was accompanied by a small
increase in the number of glomeruli at all ages. This finding adds
another piece of evidence to the controversy between the
proponents of glomerular neogenesis [28] and those denying its
occurrence [27] in hypertrophied kidneys. The physiologic
relevance of the difference in the number of glomeruli is,
however, questionable because the increase in glomerular num-
ber can account for no more than 10% of the observed increase
in GFR.
Chronic partial ureteral obstruction has resulted in a marked
decrease in the absolute and fractional tubular reabsorption of
phosphate by the obstructed kidney. The impairment in phos-
phate reabsorption was more marked when the obstruction was
produced during the first 2 weeks of life. The functional
adaptation of the contralateral kidney was also greater in the
younger animals. The decrease in absolute and fractional reab-
sorption of phosphate observed in this study and in humans
with partial ureteral obstruction [32] are in contrast to the
results obtained in rats with acute complete unilateral ureteral
obstruction [33]. In these animals the obstructed kidney was
found to have a marked decrease in absolute but an increase in
fractional reabsorption of phosphate when compared to the
contralateral organ. The difference in the pattern of response
might be consequent to the more severe degree of tubular
Fig. 3. (JV (mean SEM) of the obstructed (open bar) and intact(hatched bar) kidneys in experimental animals. The stippled areas
represent the values observed in the ipsilateral kidneys of sham-
operated animals.
damage incurred by the kidneys subjected to total obliteration
of the ureter.
In animals subjected to obstruction before 2 weeks of age, a
decrease in sodium excretion on the obstructed side was
compensated partially by enhanced excretion on the contralat-
eral side. Animals obstructed after 2 weeks of age had a higher
UNaV than controls, both by the intact and obstructed kidneys.
The tendency to change from a state of relative sodium reten-
tion to one of sodium wasting in animals sustaining obstruction
after 2 weeks of age might be related to the physiologic fall in
plasma aldosterone known to occur at this age [34] or to the
functional emergence of the superficial nephrons [15] and the
attendant increase in the filtered load. In regard to this latter
possibility, it is pertinent to note that sodium excretion in the
obstructed kidneys varied in parallel to urine flow. Another
possible explanation for the lower sodium excretion by experi-
mental animals obstructed before 2 weeks of age as compared
to their age-matched controls might lie in a decreased sodium
intake and their reduced body weight. This appears to be a
likely explanation because the differences in sodium excretion
between control and experimental animals at these ages were
abolished when they were corrected for body or kidney weight
(P > 0.5). The sodium wasting observed in the experimental
animals obstructed after 2 weeks of age was still apparent
whether sodium excretion was corrected for either body or
kidney weight. These findings are similar to those made in adult
dogs with partial unilateral ureteric obstruction [31].
It is the consensus of opinion that both acute and chronic
partial ureteral obstruction are associated with a reduction in
concentrating ability even in the absence of differences in UV
and UNaV between the obstructed and contralateral kidney [22,
29, 30]. The affected variables are the free water clearance
(CH2O) and FeNa. The results of our experiments are confirma-
tory in this regard. In addition, significantly higher values for
CH2O and FeNa were detected in the operated kidneys of animals
sustaining obstruction during the first 2 weeks of life than in
those subjected to surgery at an older age. It is likely that the
more severe damage of the superficial nephrons suffered by the
younger animals impaired their ability to compensate for the
:::
E 2.0
. 1.5
>
D 1.0
0.5
Age at time of study, weeks
Fig. 2. LJ,% (,neatl sEAS) of the obstructed (open bar) and intact
(hatched bar) kidneys in experimental ani,natc. The stippled areas
represent the values observed in the ipsilateral kidneys of sham-
operated animals. Age at time of study, weeks
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decreased reabsorption of sodium and water occurring in the
juxtamedullary nephrons [35, 361. The increased UV in the
intact kidney of obstructed animals, as compared to the ipsilat-
eral kidney of control guinea pigs, is likely to be due to the
higher GFR observed because the differences were abolished
when UV was corrected for Ci,. Similar findings were observed
in adult dogs with chronic partial ureteral obstruction [371.
The excretion of potassium was significantly lower on the
obstructed side, particularly in the younger age groups. It has
been demonstrated that potassium excretion is related mainly to
volume flow through the distal nephron [38, 39], and possibly to
the amount of sodium delivered to the potassium secreting sites
[40]. Micropuncture studies have indicated that the rate of flow
through the distal nephron is very low following ureteral
obstruction whereas the amount of sodium delivered to this
segment is only slightly decreased [35]. Thus, the lower values
of UKV in the animals sustaining obstruction at less than 2
weeks of age might be due to severely reduced flow and sodium
delivery to the distal nephron resulting from the markedly
decreased filtered load. The lower potassium intake might also
account for the lower excretion observed in these animals.
In summary, the results of our study demonstrate that
CPUUO produced in early life produces a more severe func-
tional impairment of the ipsilateral kidney but a larger degree of
compensatory adaptation of the contralateral organ. This phe-
nomenon applies both to glomerular and proximal tubular
functions but not to processes localized at the level of distal
nephron segments. The latter are affected to a similar extent at
all ages.
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